IS/IEC 60793-1-43 : 2001 



3P[WT 43 WIIM f®Z 



Indian Standard 
OPTICAL FIBRES 

PART 1 MEASUREMENT METHODS AND TEST PROCEDURES 
Section 43 Numerical Aperture 



ICS 33.180.10 



© BIS 2013 

BUREAU OF INDIAN STANDARDS 

MANAK BHAVAN, 9 BAHADUR SHAH ZAFAR MARG 
NEW DELHI 110002 



April 2013 



Price Group 4 



Fibre Optics, Fibres, Cables and Devices Sectional Committee, LITD 1 1 



NATIONAL FOREWORD 

This Indian Standard (Part 1/Sec 43) which is identical with IEC 60793-1-43 : 2001 'Optical fibres - 
Part 1 -43: Measurement methods and test procedures — Numerical aperture' issued by the International 
Electrotechnical Commission (IEC) was adopted by the Bureau of Indian Standards on the 
recommendation of the Fibre Optics, Fibres, Cables and Devices Sectional Committee and approval 
of the Electronics and Information Technology Division Council. 

The text of IEC Standard has been approved as suitable for publication as an Indian Standard without 
deviations. Certain conventions are, however, not identical to those used in Indian Standards. Attention 
is particularly drawn to the following: 

a) Wherever the words 'International Standard' appear referring to this standard, they should be 
read as 'Indian Standard'. 

b) Comma (,) has been used as a decimal marker while in Indian Standards, the current practice 
is to use a point (.) as the decimal marker. 

Only the English language text has been retained while adopting it in this Indian Standard and as 
such the page numbers given here are not the same as in the IEC Publication. 

For the purpose of deciding whether a particular requirement of this standard is complied with, the 
final value, observed or calculated, expressing the result of a test or analysis, shall be rounded off in 
accordance with IS 2 : 1960 'Rules for rounding off numerical values (revised)'. The number of 
significant places retained in the rounded off value should be the same as that of the specified value 
in this standard. 
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Indian Standard 
OPTICAL FIBRES 

PART 1 MEASUREMENT METHODS AND TEST PROCEDURES 
Section 43 Numerical Aperture 

1 Scope 

This part of IEC 60793 establishes uniform requirements for measuring the numerical aperture 
of optical fibre, thereby assisting in the inspection of fibres and cables for commercial 
purposes. 

The numerical aperture (NA) of category A1 graded-index multimode fibre is an important 
parameter that describes a fibre's light-gathering ability. It is used to predict launching 
efficiency, joint loss at splices, and micro/macrobending performance. 

2 Normative references 

None. 

3 Overview of method 

This test procedure describes a method for measuring the angular radiant intensity (far-field) 
distribution from an optical fibre. The numerical aperture of a category A1 graded-index 
multimode optical fibre can be calculated from the results of this measurement using equation 
(1 1 ) for NA in the far field, NA ff , as described in 8.1 . 

The maximum theoretical NA of a graded index multimode fibre is defined as follows: 

NA th = sin0 m (1) 

where 

NA th is the maximum theoretical numerical aperture; 

9 m is the largest incident meridional ray angle that will be guided by the fibre. 
In terms of the fibre index profile: 

NAth=K ""2 ( 2 ) 

where n 1 is the maximum refractive index of the core, and n 2 is the refractive index of the 
cladding 

or NA th = n 1 ^^2A (3) 

n-i - n 2 

where A = for A « 1 (4) 

"1 
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NA can be determined from a far-field radiation pattern measurement on a short length of fibre 
or from a measurement of a fibre's refractive index profile. Using the far-field method, the 
intensity pattern, 1(0), of a fibre is acquired, and the NA ff (numerical aperture in the far field) is 
defined as the sine of the half-angle where the intensity has decreased to 5 % of its maximum 
value. 



4 Reference test method 

Because there is only one method for measuring numerical aperture, there is no reference test 
method (RTM) as of the publication date of this standard. Additional methods may be added in 
the future, however. 



5 Apparatus 

5.1 Input system 

5.1.1 Light source 

Use an incoherent light source capable of producing an area of substantially constant radiance 
(variations of less than 10 % in intensity) on the endface of the specimen. It shall be stable in 
intensity and position over a time interval sufficient to perform the measurement. 

5.1.2 Input optics 

Use a system of optical components to create a monochromatic (<1 00 nm full width half 
maximum), substantially constant radiance spot larger in diameter than the endface of the 
specimen and with a numerical aperture greater than that of the specimen. 

Unless otherwise specified, the centre wavelength shall be 850 nm ± 25 nm. Provide a means 
of verifying the alignment of the endface. Optical filters may be used to limit the spectral width 
of the source. 

5.1.3 Fibre input end support and alignment 

Provide a means of supporting the input end of the specimen to allow stable and repeatable 
positioning without introducing significant fibre deformation. Provide suitable means to align the 
input endface with respect to the launch radiation. 

5.1.4 Cladding mode stripper 

Provide means to remove cladding light from the specimen. Often the fibre coating is sufficient 
to perform this function. Otherwise, it will be necessary to use cladding mode strippers near 
both ends of the test specimen. 

5.2 Output system and detection 

Three equivalent techniques may be used to detect the angular radiant intensity (far field) 
distribution from the specimen. Techniques 1 and 2 are angular scans of the far-field pattern. 
Technique 3 is a scan of the spatial transform of the angular intensity pattern (a small or large 
area scanning detector may be used.) 
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5.2.1 Technique 1 - Angular scan (see figure 1) 

5.2.1.1 Fibre output end support and alignment 

Use a means of supporting and aligning the output end of the specimen that allows alignment 
of the endface normal to and coincident with the axis of rotation of the optical detector and 
coincident with the plane of rotation of the optical detector. 

For example, a vacuum chuck mounted on X-Y-Z micropositioners with a microscope fixture for 
aligning the fibre end would be suitable. Examples include a goniometer or stepper-motor 
driven rotational stage. 

5.2.1.2 Detection system mechanics 

Use a suitable means for rotation of the optical detector that allows the detector to scan an arc 
sufficient to cover essentially the full radiation cone from the specimen (for example, a 
calibrated goniometer). The axis of rotation of the mechanism shall intercept the endface of the 
specimen and shall be perpendicular to the specimen axis, and the rotation plane of this 
mechanism shall be coincident with the axis of the specimen. Provide means for recording the 
relative angular position of the detector with respect to the specimen output axis. 

5.2.2 Technique 2 - Angular scan (see figure 2) 

Use a means of supporting the specimen such that the output endface is perpendicular to, and 
coincident with, the axis of rotation of the specimen. This mechanism (e.g. a goniometer or 
precision rotating stage) shall rotate sufficiently to allow the full radiation cone in the plane of 
rotation to sweep past the fixed detector. That is, the rotation shall be greater than the total 
angle of the specimen output radiation. Provide means to record the included angle formed by 
the specimen axis and the imaginary line between the detector and specimen endface. 

5.2.3 Technique 3 - Scan of the spatial field pattern (see figure 3) 

5.2.3.1 Fibre output end support apparatus 

Provide a means of supporting and aligning the specimen output end that allows stable and 
repeatable positioning. 

5.2.3.2 Far-field transformation and projection 

Create a spatial representation of the far field of the specimen by suitable means (for example, 
by using a microscope objective or other well corrected lens to obtain the Fourier transform of 
the fibre output near-field pattern). 

Scan this pattern or its image using a pinhole aperture as to enable the far-field intensity to be 
recorded. The size of the pinhole aperture shall be less than, or equal to, one-half the 
diffraction limit of the system: 

1,22 M X f 

d < (5) 

2D 

where 

d is the diameter of the pinhole, in urn; 

M is the magnification from the back focal plane of the transforming lens to the scanning 
plane; 

X is the spectral wavelength emitted from the fibre, in nm; 
f is the focal length of the transform lens, in mm; 
D is the fibre core diameter, in urn. 
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The numerical aperture of the lens, /_.,, should be large enough so as not to limit the numerical 
aperture of the fibre specimen. 

Where the far-field pattern is represented by a lens, care should be taken that, especially with 
high apertures, the diameter of the relay lens, L 2 , is sufficiently large so as to avoid darkening 
the periphery: 



D 12 > 2 f tan <P 

where 

D 12 is the diameter of the relay lens, in mm; 

f is the focal length of the transform lens, in mm; 

sin <P is the numerical aperture, NA. 



(6) 
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Figure 1 - Technique 1 - Angular scan 
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Figure 2 - Technique 2 - Angular scan 



4 



IS/I EC 60793-1-43 : 2001 




Figure 3 - Technique 3 - Scan of the spatial field pattern 

5.2.3.3 Scanning system 

Provide a method of scanning the far-field pattern with respect to the pinhole aperture and 
detector. 

5.2.3.4 System calibration 

Perform a calibration to measure the conversion factor that relates the distance of movement 
of the scanning system to the actual distance scanned in the back focal plane of the far-field 
transforming lens. A pattern of known dimensions, carefully placed in the back focal plane, L^, 
can be used for this purpose. 

In addition, determine the factor that relates scan position in the field pattern transformation 
plane (the back focal plane of L 1 in figure 3) to emission angle, 0, with respect to the specimen 
output end axis as 

y = fsin e (7) 

where 

y is the distance from the axis to the spatial field pattern; 
f is the focal length of the transform lens, L 1 ; 
8 is the angle with respect to the optical axis. 

5.2.3.5 Recording system 

Provide means to record E(y), the detected intensity as a function of the scan position, y, and 
to correct the detected intensity as follows: 

/ (9) = E(y) cos 8 (8) 

where 

1(0) is the angular intensity distribution as detected by the angular scan lens; 

£(y) is the radiance at distance y from the axis of the spatial pattern; 

y is the distance from the axis to the spatial field pattern; 

is the angle with respect to the axis of the specimen output. 
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5.2.4 Optical detector 

Use a detector that is linear within 5 % over the range of intensity encountered. A pinhole 
aperture may be used to restrict the effective size of the detector in order to achieve increased 
resolution. The detector or aperture size can be determined according to the angular resolution 
that is desired for the apparatus according to the formula: 

OR 

D = (9) 

0,06 

where 

D is the detector aperture diameter, in |a,m; 

6 is the desired angular resolution, in degrees (°); 

R is the distance from the sample output endface to the detector or aperture, in mm. 
A resolution of ±0,5° is typically used. R shall also meet the far-field requirement: 

d 2 

R>\- (10) 

A 

where 

R is the distance from the sample output endface to the detector or aperture, in mm; 
d is the diameter of the emitting region of the specimen, in (im; 
X is the centre wavelength of the optical source, in nm. 

Equation (5) gives the appropriate detector or aperture size for technique 3. 

6 Sampling and specimens 

6.1 Specimen length 

The specimen shall be a representative sample of fibre 2,0 m ± 0,2 m in length. 

6.2 Specimen end face 

Prepare a flat end face, orthogonal to the fibre axis, at the input and output ends of each 
specimen. The accuracy of these measurements is affected by a non-perpendicular endface. 
End angles less than 2° are recommended. 

7 Procedure 

7.1 Place the specimen ends in the support devices. The input end shall be approximately at 
the centre of the input place of the focused image of the constant radiance spot. 

7.2 Set the optical source to the desired wavelength and spectral width. 

7.3 Scan the far-field radiation pattern along a diameter and record intensity versus angular 
position. 
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8 Calculations 

8.1 Far field versus maximum theoretical value 

The relationship between the far-field numerical aperture and the maximum theoretical 
numerical aperture is dependent upon the measurement wavelength of the far-field and profile 
measurements. Most far-field measurements are made at 850 nm, whereas profile 
measurements are commonly made at 540 nm or 633 nm. For these wavelengths, the relation- 
ship between NA ff and NA th is given by 

NA ff =/cNA th (11) 

where 

NA ff is the NA in the far field; 

k = 0,95 when the profile measurement is made at 540 nm, and k = 0,96 when the 
measurement is made at 633 nm; 

NA th is the maximum theoretical NA. 

Report NAff at 850 nm as the fibre numerical aperture. This value may be obtained directly 
from a far-field measurement at 850 nm or using equation (11), indirectly from a profile 
measurement. 

8.2 Five per cent intensity angle, 6 5 

Normalize the scanned pattern to the peak intensity. Make note of the points on the pattern at 
which the intensity is 5 % of the maximum. Record half the angle between these points as O5. 

8.3 Numerical aperture, NA ff 

Calculate the far-field numerical aperture using the following formula: 

NA ff = sin % (12) 

where 

NAff is the far-field numerical aperture; 
8 5 is the 5 % intensity angle. 

9 Results 

9.1 Information to be provided with each measurement 

Report the following information with each measurement: 

- date and title of measurement; 

- identification of specimen; 

- optical source wavelength, if other than 850 nm; 

- measurement results obtained from clause 8. 

9.2 Information available upon request 

The following information shall be available upon request: 

- centre wavelength and spectral width of interference filters, if used; 

- detection system technique used in 5.2; 
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- detection system calibration and angular resolution; 

- size and numerical aperture of launch spot; 

- technique used to strip cladding modes. 

10 Specification information 

The detail specification shall specify the following information: 

- type of fibre to be measured; 

- failure or acceptance criteria; 

- information to be reported; 

- any deviations from the procedure that apply. 
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